We have determined the crystal structure of paarite, a newly discovered 56 Å derivative of the bismuthinite-aikinite series from the metamorphosed scheelite deposit of Felbertal, Austria. Its electron-microprobe-established composition is Cu 1.7 Pb 1.7 Bi 6.3 S 12 , and the structure-derived composition is Cu 1.6 Pb 1.6 Bi 6.4 S 12 , with a 4.007(1), b 55.998(8), c 11.512(2) Å, space group Pmcn, Z = 5. The structure has been solved by direct methods and difference-Fourier syntheses, and refined to a residual value R 1 of ~7.0%. The unit cell of this "fivefold derivative" contains two "bismuthinite-like" Bi 4 S 6 ribbons and eight "krupkaitelike" CuPbBi 3 S 6 ribbons. The fully occupied Cu sites occur in zigzag [001] rows at y = 0.15, 0.30, 0.70 and 0.85, comprising gladite-like and krupkaite-like intervals in the structure in regular 1:1 alternation. Coordination polyhedra have been analyzed using the polyhedron-distortion parameters devised recently by Balić-Žunić & Makovicky, and comparisons to the structures of salzburgite and lindströmite are given. This new derivative occurs at Felbertal both as independent grains and as a component of exsolution pairs with krupkaite.
INTRODUCTION
The sulfosalt material from the metamorphosed scheelite deposit of Felbertal, Austria (Thalhammer et al. 1989) has recently yielded a new mineral with a fourfold ordered superstructure of the bismuthinite-aikinite solid-solution series (Topa et al. 2000) , approved by the IMA under the name of salzburgite. Now, another new derivative has been discovered, a fivefold ordered superstructure, chemically very close to salzburgite, yet clearly distinct from it.
Using the percentage of the aikinite end-member in the compounds of the aikinite CuPbBiS 3 (n aik = 100) -bismuthinite Bi 2 S 3 (n aik = 0) solid-solution series as the best means of characterization (Makovicky & Makovicky 1978) , the electron-microprobe-based estimates of composition of the current compound correspond to n aik = 42, whereas those for the previously described, fourfold superstructure of salzburgite, to n aik = 40 (Topa et al. 2000) . The title compound occurs both as independent grains and as exsolution pairs with microprobe-estimated compositions of the two components equal to n aik (42) and n aik (47-48), respectively. These exsolution pairs are commonly further replaced by the pairs n aik (40) -n aik (48) and, finally, by the most common pair n aik (37) -n aik (48) (Topa et al., in press ). In the present report, we describe the fivefold superstructure; a mineralogical description of this phase, recently accepted by CNMMN IMA as a new mineral species, paarite, will follow. We should stress that this compound is very different from lindströmite, the other fivefold superstructure in the series, with ideal n aik = 60, described by Horiuchi & Wuensch (1977) .
EXPERIMENTAL
The chemical composition of the crystal was obtained by electron-microprobe analysis before its extraction from a polished section. We used a JEOL-8600 electron microprobe equipped with Link EXL software with on-line ZAF correction. Analytical conditions employed were 25 kV and 30 nA; synthetic and natural sulfide standards were used. The averaged analytical results (wt.%) for five points on the crystal fragment that was subsequently used for crystal-structure analysis are: Cu 4.79(3), Fe 0.08 (1) A crystal fragment with an irregular shape and 0.04-0.09 mm in diameter was measured on a Bruker AXS four-circle diffractometer equipped with CCD 1000K area detector (6.25 cm ϫ 6.25 cm active detection-area, 512 ϫ 512 pixels) and a flat graphite monochromator using MoK␣ radiation from a fine-focus sealed X-ray tube. The sample -detector distance was fixed at 6 cm. In all, 2080 static exposures 0.25° apart were made, each measurement taking 45 s, with 94.5% coverage and average redundancy of 5.8 inside the limits of the angular span covered. The maximum 2 value covered was 54°, and Miller index limits were 5 ≤ h ≤ 4, 69 ≤ k ≤ 69, 14
≤ l ≤ 14. The SMART system of programs was used for unit-cell determination and data collection (Table 1) , SAINT+ for the calculation of integrated intensities, and SHELXTL for the structure solution and refinement (all Bruker AXS products). For the empirical absorptioncorrection, based on reflection measurements at different azimuthal angles and measurements of equivalent reflections, program XPREP from the SHELXTL package was used, and yielded a merging R INT factor of 0.0899 compared to 0.2050 before absorption correction. Minimum and maximum transmission factors were 0.0006 and 0.0127, respectively. This indicates a pronounced anisotropy of crystal outlines, causing the elevated R values (Table 1) . However, no other grains of paarite suitable for crystallographic analysis were found, and we had to use the present crystal fragment. The systematic absences (h0l, l = 2n + 1, and hk0 for h + k = 2n + 1) are consistent with space groups P2 1 cn and Pmcn. The latter was chosen as consistent with structures of the bismuthinite -aikinite family. Solution of the structure by direct methods revealed the positions of Bi and Pb atoms and of all S atoms. In subsequent refinements, the positions of the Cu atoms were deduced from the difference-Fourier syntheses.
After the final refinement with anisotropic displacement-factors used for all the atoms, the highest residual peak was 3 e/Å 3 , 0.86 Å from Bi3, and the deepest hole, -3 e/Å 3 , 1.64Å from S 11. The refinement was stopped when the maximum shift/e.s.d. for varied parameters dropped below 1. The results of the refinement are represented in Table 2 and Figure 1 , with interatomic distances in Table 3 (deposited). Structure factors may be obtained from the Depository of Unpublished Data, CISTI, National Research Council, Ottawa, Ontario K1A 0S2, Canada.
Description of the structure
The present structure contains 10 en échelon Me 4 S 6 ribbons in the unit cell, arranged in two parallel rows. Eight of them are "krupkaite-like ribbons" CuPbBi 3 S 6 (Mumme et al. 1976) , two are "bismuthinite-like ribbons" Bi 4 S 6 (Fig. 1) . The latter ribbons are as far apart as possible, at y = 0.0 and 0.5, respectively, and related by c-glide operators.
The tetrahedrally coordinated copper atoms flanking unilaterally the "krupkaite-like ribbons" are arranged in zig-zag [001] rows positioned at y ≈ 0.15, 0.30, 0.70 and 0.85. They display full site-occupancy. The intermediate rows of tetrahedra appear unoccupied; no additional Cu atoms were found in these positions, and the structure thus seems to be fully ordered. The intervals between the copper [001] rows respectively correspond to those observed in gladite and krupkaite (Syneček & Hybler 1974 , Kohatsu & Wuensch 1976 in regular alternation and in a 1:1 ratio.
The fully occupied Cu1 and Cu2 sites have a slightly eccentric tetrahedral coordination, typical for all aikinite-bismuthinite derivatives (e.g., Kohatsu & Wuensch 1976) . Adjacent to these are monocapped trigonal coordination prisms of lead, Pb1 and Pb2 (Fig. 2) . All the remaining large-cation positions are fully occupied by Bi atoms.
The microprobe-derived composition of the paarite crystal under study, Cu 1.7 Pb 1.7 Bi 6.3 S 12 , is slightly richer in Cu and Bi than indicated by the idealized formula derived from the refined crystal structure. The difference of about 0.1 Cu per subcell formula unit is distributed over the empty tetrahedral sites without a statistically significant accumulation at a particular site.
The ideal formula of the present phase based on the crystal-structure analysis is Cu 1.6 Pb 1.6 Bi 6.4 S 12 , i.e., 4.72 wt.% Cu, 15.38% Pb, 62.05% Bi and 17.85% S. It leads to a theoretical n aik of 40, i.e., 80 mol.% of the krupkaite end-member and 20 mol.% of the bismuthinite endmember.
Relations to lindströmite
The only known fivefold superstructure of the bismuthinite-aikinite series until now, lindströmite Cu 3 Pb 3 Bi 7 S 15 (Horiuchi & Wuensch 1977) , has an ideal n aik of 60. It contains eight krupkaite-like ribbons CuPbBi 3 S 6 and two aikinite-like ribbons Cu 2 Pb 2 Bi 2 S 6 in the unit cell (Fig. 3) . In this way, it is a mirror image of the current structure, in which the latter two ribbons are replaced by bismuthinite-like ribbons Bi 4 S 6 . The space group is the same, Pmcn, in the present orientation. However, in lindströmite the Cu-free and Cu-occupied ends of krupkaite ribbons are interchanged in relation to those in the current phase. This results in an interchange of Cu-occupied and Cu-free (010) planes of coordination tetrahedra between these two structures and in an entirely different type of intervals between the Cu-occupied (010) planes: the regular alternation of single gladite-like and krupkaite-like intervals in our phase is replaced by a regular alternation of two krupkaite-like intervals with a single, ½b-subcell-wide aikinite-like interval.
Coordination polyhedra
The present structure contains eight atoms of bismuth and two atoms of lead. Bi 1, 3, 4, 6, 7 constitute the apical Bi polyhedra of Me 4 S 6 ribbons denoted as A2
by Berlepsch et al. (2001) , whereas Bi 2, 5, 8 and Pb 1, 2 occupy the "central" polyhedra of these ribbons, denoted as Z2 by Berlepsch et al. (2001) (Fig. 1) .
In order to study the differences in coordination of these three groups, a coordination analysis similar to that in Topa et al. (2000) will be undertaken, somewhat different from the usual examination of interatomic distances in Table 3 Balić-Žunić & Makovicky (1996) and Makovicky & Balić-Žunić (1998) , and used by Berlepsch et al. (2001) for all meneghinite homologues, including the hitherto published structures of the aikinite-bismuthinite series, a least-squares-fitted sphere is circumscribed to the coordination polyhedron. A coordination number (CN) of 7 is used for all Bi and Pb sites, whereas CN = 4 for the copper sites, in agreement with a number of previous publications on the bismuthinite-aikinite group. The volume of the circumscribed sphere (Table 4 ) is compared to that of the coordination polyhedron and to the volume of an ideal polyhedron inscribed in the same sphere; this approach yields a measure of polyhedron distortion (Table 4) . "Sphericity" is a measure of the fit of ligands to the sphere, and "eccentricity" expresses a displacement of the cation from the center of the sphere. The relevant definitions are given in the footnote to Table 4 .
The central Z2 cations of the Me 4 S 6 ribbons have distinctly larger sphere volumes than the apical A2 cations, although the polyhedron volumes do not invariably follow suit (Table 4) . Polyhedron and sphere volumes for Pb are marginally larger than those of corresponding Bi atoms. Volume distortion is distinctly greater for the central cation polyhedra, both for Pb and Bi. All these findings agree with the conclusions reached by Berlepsch et al. (2001) for the entire bismuthiniteaikinite series, but they are here obtained at a higher level of accuracy. "Central" Bi5 and Bi8 have a distinctly higher eccentricity; that of Bi2 is lower, at the upper limits of eccentricity for "apical" Bi sites (Table 4 ). The eccentricity of Pb, however, is much lower; lead has a marginally better sphericity than all Bi sites, which all show rather uniform characteristics.
Comparison with the data for salzburgite, with the composition estimated by electron-microprobe analyses to be Cu 1.6 Pb 1.6 Bi 6.4 S 12 (Table 4 in Topa et al. 2000) , shows a near-identity of all these features between the two chemically close compounds. Thus, all the conclusions reached for salzburgite can be transferred to the present structure. This holds also for the fully occupied copper sites in these two structures ( Horiuchi & Wuensch 1977) . Graphic conventions as in Figure 2 .
The krupkaite-like intervals (broader) and the aikinite-like intervals (narrower) between Cu-occupied (010) planes (red) are prominent.
present work and Table 4 in Topa et al. 2000) , slightly eccentric in a way typical of the structures of the bismuthinite-aikinite series (Fig. 1) . The increased unitcell (subcell) volume as a function of proportion of Bi 2 S 3 is clearly distributed over the individual cation polyhedra: the Bi-S polyhedra in the present compound and salzburgite have polyhedron volumes of 36.4-37.8 Å 3 , whereas those in the end-member Bi 2 S 3 are only in the range 35.5-35.9 Å 3 (Kupčík & Veselá-Nováková 1970) .
With respect to the occupancy of tetrahedral sites by copper, paarite is close to an ideal structural model with respectively fully occupied and empty tetrahedral sites. In this, it contrasts with salzburgite in which, besides fully occupied Cu sites, a site with 71% occupancy and two sites with 10% occupancy also were detected.
